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(54) Title: SPECTROMETER 




(57) Abstract 

A spectrometer (20) is formed from two supports (10, 30), A first of the supports (10) has a diffraction grating (11) for dispersing 
light, source locating means (12) for locating a source of said light, and detector locating means (13) for locating a detector of said dispersed 
light. The other support is a minor support (30) having a body and at least two reflective surfaces (31, 32) Integrally formed with the body 
of the support (30). In preferred embodiments, one of the reflective surfaces may be divided into segments (32, 32'; 33). The spectrometer 
(20) can be cheaply mass-produced. In aspects of the invention, the distances between the source, detector and dispersive means are 
accurately fixed during manufacture in a simple and inexpensive manner. 
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SPECTROMETER 

The present invention relates generally to 
spectrometers . 

In WO-A-95/10037, there is disclosed a spectrometer. 
The spectrometer disclosed is particularly useful for 
detecting the presence of a target gas, such as carbon 
monoxide, in a mixture of gases, for example in the 
atmosphere. Light from a source is dispersed by a 
diffraction grating. Spaced apart opto-electric 
transducers detect different dispersed wavelengths. The 
amount of light detected at each detector varies according 
to the amount of light in a particular wavelength absorbed 
during its passage through the target gas to be detected. 

The narrow band of wavelengths which are detected by 
the spaced apart detectors is a sensitive function of the 
optical geometry of the spectrometer. in particular, the 
source, grating and detector must be positioned relative to 
one another with a very high degree of accuracy. This 
makes it very difficult to mass-produce the spectrometer, 
which is desirable in order to reduce the overall cost of 
the spectrometer. 

The optical layout of a typical conventional 
spectrometer is shown in Figure 1. A source 1 of light is 
typically a slit or aperture illuminated from behind by a 
tungsten filament lamp. Light from the source 1 passes to 
a first parabolic mirror 2 which produces and directs a 
plane wave towards a diffraction grating 3. The diffracted 
plane wave is collected by a second parabolic mirror 4 
which reflects and focuses an image of the source onto a 
detector 5. Since the angle of diffraction of the light 
from the diffraction grating 3 varies with wavelength, the 
spectrometer effectively produces an infinite number of 
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15 



20 



TlZT'JT T ' d±f fe " nt -length, spread across the 
Plane of the detector 5. As will be seen from Figure 1 

diffraction grating 3. This causes the conventional 
spectrometer to be rather large. 

ther e T 0rd±n9 t0 " f±rSt aSPeCt ° f the Pre8ent ^vention, 
there is provided a unitary support for a spectrometer the 
support comprising: dispersive means for dispersing 1^ 

lolt!" " ^ d±SPe " ±Ve — ' — beating Jans for 
locating a source of said light wlth respec1; tQ ^ 

dispersive means; and, detector locating means for locating 
a detector of said dispersed light with respect to the 
dispersive means. 

Preferably, the support is moulded. 



The support is preferably made of plastics. The 
support may be made by moulding of plastics. Injection 
moulding, compression moulding, or vacuum-assisted 
injection moulding, or a combination, may be used for 
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The source locating means, the detector locating 
means, and the dispersive means are preferably 
substantially coplanar. The source locating means and 

samT Z l0 r tin9 meanS Prefe « blv Positioned on the 

same side of the dispersive means. 

there^T^T ^ ' MP "* ° f Pr6Sent invention, 

there is provided a support for a spectrometer, the support 

r t p h r e d T : di r rsive means for dispersins ^ 

on the dispersive means; source locating means for locating 
a source of said light with respect to the dispersive 

0"";/:?: dete !T l0Cat±ng mSanS ^ l0Cat1 ^ * **~*or 
of said dispersed light with respect to the dispersive 
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means; the source locating means, the detector locating 
means and the dispersive means being substantially 
coplanar, the source locating means and detector locating 
means being positioned on the same side of the dispersive 
means . 

in either aspect of the invention, the source locating 
means may be an aperture through the support. The "actual" 
light source is positioned in use behind the aperture. The 
aperture may be a slit. The actual light source may be a 
tungsten filament lamp for example. 

The dispersive means may be a diffraction grating. 
The diffraction grating may be integrally moulded with the 
support. The diffraction grating may be formed by moulding 
the grating structure and metallising the grating 
structure . 

The detector locating means may be a hole through the 
support. Such a hole can locate one or more detectors. 
There may be two through holes for locating two respective 
detectors . 

According to a third aspect of the present invention, 
there is provided a unitary mirror support for a 
spectrometer, the support comprising: a body; and, at 
least two reflective surfaces integrally formed with the 
body of the support. 

The support is preferably made of plastics. The 
support may be made by injection-moulding of plastics. 
Compression moulding or vacuum-assisted injection moulding, 
or a combination, may be used. 

The reflective surfaces may be formed by metallising 
selected portions of the mirror support. 
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The reflective surfaces are preferably substantially 

ad j acent . * 

that: T !f re£leCtlVe surface * be segmented such 
that the dispersed light incident on said reflective 
surface is focused into two or more planes of dispersion. 
The areas of the segmented portions of the mirror may be 
different from one another. 

The present invention also includes a spectrometer 
including a support according to either of the first two 
aspects as described above and a mirror support as 

described above. 

The spectrometer may have two or more dual-element 
detectors, or one or more quad-element detector or a 
combination of dual-element and quad-element detectors. 

As will be appreciated from the more detailed 
description below, the various aspects of the present 
invention allow a spectrometer to be cheaply mass-produced, 
in aspects of the invention, the distances between the 
source, detector and dispersive means are accurately fixed 
during manufacture in a simple and inexpensive manner. The 
25 preferred method of forming the various supports is by use 
of injection moulded plastics, which is relatively 
straightforward and inexpensive. 
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in preferred embodiments of the present invention, 
just two supports are required to support all of the 

active" optical parts of the system. The only alignment 
required is between the mirror support and the support for 
the source locating means, the detector locating means and 
the dispersion means. Where plastics moulding is used for 

an! dTT ^ «« «• — e locating means 

and detector iocating means, it is preferred that no non- 
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uniformities lie between an injection moulding point and 
the active surface of the dispersive means, which in turn 
means that the source locating means and detector locating 
means should be on the same side of the grating. 

The present invention also provides a spectrometer 
layout which is extremely compact. 

In the present specification, reference will often be 
made to "light". It will be understood that this term 
encompasses any suitable electromagnetic radiation. For 
example, infra-red radiation will usually be used where the 
target gas to be detected is carbon monoxide. 

Embodiments of the present invention will now be 
described by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic representation of the 
optical layout of a conventional spectrometers- 
Figure 2 is a plan view of a support for a source, 
detector and diffraction grating; 

Figure 3 is a cross-sectional view on III -III of 
Figure 2; 

Figures 4a and 4b are diagrammatic representations of 
the optical layout of a spectrometer using supports of the 
present invention; 

Figures 5a to 5d are representations of the image 
formed in the plane of the detector; 

Figure 6 is a diagrammatic perspective view of the 
spectrometer showing a first example of a mirror support; 
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Figure 7 is a diagrammatic perspective view of the 
spectrometer showing a second example of a mirror support- 
Figure 8 shows a graph of variation of output from two 
detectors with temperature of the light source; 

Figure 9 shows a graph of the difference between said 

outputs ; 

Figure 10 shows a contour plot of the difference 
signal ; 

Figure 11 shows a contour plot of the ratio of the 
output of two detectors of a first example; and. 

Figure 12 shows a contour plot of the ratio of the 
output of two detectors of a second example. 

A support 10 for locating a light source, a light 
detector and a diffraction grating 11 is shown in Figures 2 
and 3. The support 10 is made of injection moulded 
Plastics. The grating structure of the diffraction grating 
11 is integrally moulded with the rest of the support 10 by 
virtue of the moulding tool having the grating structure 
mechanically reproduced in it. The grating structure on 
the support 10 is metallised with say gold or aluminium 
after moulding to provide the reflective surface. The 
support 10 is generally in the form of a plane rectangular 
sheet . 

A source locating means 12 is constituted by a hole or 
aperture or slit 12 through the sheet of the support 10. 
As shown in Figure 3, the source aperture 12 preferably has 
a frustoconical cross-sectional shape. 
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A detector locating means 13 ±s constituted by a 
relatively large circular hole through the sheet of the 
support 10, A lip 14 may be provided around the 
circumference of the detector hole 13 which enables a 
detector (not shown in Figures 2 and 3) to be pushed into 
the support 10 and retained by the lip 14. 

The distance a between the diffraction grating 11 and 
the source slit 12, the distance b between the diffraction 
grating 11 and the detector hole 13, and the distance b-a 
between the source slit 12 and detector hole 13 are all 
critical to the accuracy of the spectrometer. These 
distances a, b, b-a must be fixed very accurately. This is 
facilitated by the unitary nature of the support 10. It is 
further facilitated by moulding the support 10 of plastics, 
most preferably by Injection moulding, as the relative 
positioning of the diffraction grating 11, the source slit 
12 and the detector hole 13 can be accurately determined by 
the mould used. The direction of flow of the plastics 
during injection should be from right to left in Figure 2 
so that the flow of plastics over the diffraction grating 
11 is not disturbed by the irregularities formed by the 
source slit 12 and detector hole 13. This prevention of 
irregularities in the flow of plastics over the diffraction 
grating 11 is ensured because the source slit 12 and 
detector hole 13 are both positioned on the same side of 
the diffraction grating 11 (i.e. to the left in Figure 2), 
the diffraction grating 11, the source slit 12 and detector 
hole 13 all being substantially coplanar. The fixing of 
the source slit 12 and detector hole 13 on the same side of 
the diffraction grating 11 also means that the various 
optical parts fit into a smaller space than in the prior 
art, thereby providing a more compact spectrometer. It 
furthermore allows the two mirror surfaces of the 
spectrometer to be substantially adjacent as will be 
discussed in more detail below. 
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Referring to Figure 4a, a spectrometer 20 includes the 
support 10 and an opposed mirror support 30. The mirror 
support 30, which will be discussed in more detail below 
supports two substantially adjacent mirrors 31,32. The ' 
mirrors 31,32 may be parabolic or some other aspheric shape 
to reduce aberrations. The mirrors 31,32 may be provided 
by moulding the mirror support 30 to the appropriate shape 
and metallising selected portions of the surface of the 
support 30 with say gold or aluminium to provide integral 
reflective surfaces for the mirrors 31,32. 

The spectrometer 20 includes a tungsten filament lamp 

21 as an actual light source which is fixed behind the 
source slit 12 of the support 10. A detector 22 is fixed 
into the detector hole 13. The detector 22 may be an opto- 
electric detector, particularly a pyroelectric detector 
suitable for detecting infra-red radiation. The detector 

22 should be a dual-element detector having two adjacent 
detecting elements as described in more detail in 
WO-A-95/10037 so that at least two distinct wavelengths can 
be detected. The spectrometer 20 may be battery or mains 
powered . 



As can be seen from Figure 4a, light emitted from the 
actual light source 21 is directed from the source slit 12 
(which provides a slit source) to the first mirror 31. The 
mirror 31 reflects the light as a plane wave towards the 
diffraction grating 11. Light incident on the diffraction 
grating li is dispersed. This dispersal of light is shown 
In Figure 4b where different wavelengths are diffracted 
through different angles. The diffracted light is 
reflected and focused by the second parabolic mirror 32 
onto the detector 22. Because the diffraction grating li 
source slit 12 and detector hole 13 are coplanar or 
substantially coplanar, the central ray of the optic system 
is normal or close to normal to the surface of the support 
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10. This has the advantage that the source slit 12 is 
easier to mould and that the mould tool in which the 
support 10 is moulded can open more easily. It is 
important that the tool face pulls away from the structure 
of the diffraction grating 11 without any shear. 
Furthermore, the light window of the detector 22, which 
would usually have an interference filter coating, will be 
at peak transmittance. 

As can be seen from Figure 4b, light of different 
wavelengths is focused onto different spaced apart 
positions on the detector 22. This is shown in Figure 5a, 
which is a representation of the image of the source slit 
12 formed on the detector 22. The wavelength Xl is the 
absorption wavelength and X2 is the reference wavelength. 
Details of how these wavelengths are used to detect the 
presence of a target gas can be found in WO-A-95/10037. 
Briefly, the target gas preferentially absorbs light in the 
absorption wavelength Xl whilst having substantially no 
effect on the reference wavelength X2. Suitable 
electronics can monitor for falls in the amount of light 
being detected in the absorption wavelength relative to the 
reference wavelength, thereby providing a quantitative 
measure of the amount of target gas in the optical path. 

For a filament lamp or other black body source, the 
amount of light at a particular wavelength is a function of 
the temperature of the light source 21, generally in 
accordance with the Planck distribution law. Assuming a 
range of temperatures of say 1800 to 2400 K for the 
filament of the light source 21 and considering wavelengths 
in the region of 4.5 microns, the absolute amount of light 
can vary by between 2% and 3% over this temperature range. 
The detector 22 will generally only be looking for changes 
of about 0.2% in the amount of light in the absorption 
wavelength. Clearly, therefore, there is a risk that 
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temperature variations in the filament of the light source 
21 could swamp the changes being monitored in the 
absorption wavelength level. Furthermore, the real signal 
to be detected is obviously very small compared to any 
background signals. 

This problem can be overcome by monitoring a third 
wavelength of light X3, as is mentioned in WO-A-95/10037. 
The third wavelength X3 could be shorter or longer than the 
first two wavelengths Xl, X2 and this is indicated in 
Figure 5b where X3 is shown as being either to the left or 
to the right of the first two wavelengths in the image 
plane. 

The optical system can only produce a sharp focus at 
one wavelength. At other wavelengths, off-axis aberrations 
cause the slit image to broaden and blur. In order to make 
the spectrometer 20 as sensitive as possible, it is 
designed so that the absorption wavelength Xl is sharply 
focused. This means that the first reference wavelength X2 
will be slightly out of focus, but in practice this is not 
a problem. if, however, the second reference wavelength X3 
is further away from the absorption wavelength Xl than the 
first reference wavelength X2 (i.e. further to the right in 
Figure 5b), then the image at the second reference 
wavelength X3 may not be acceptably focused as the 
defocuslng effect can become quite serious at this 
distance. On the other hand, the absorption spectra of 
many target gases of interest can make it unfavourable for 
the second reference wavelength X3 to be on the opposite 
side of the absorption wavelength Xl to the first reference 
wavelength X2 because many target gases of interest have 
double absorption peaks. This may mean that a second 
absorption peak coincides with the position of the second 
reference wavelength X3 in the image plane. 
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In a preferred embodiment of an asoectr *h 

32. in particular, the second mirror 32 Is divided 
longitudinal of the mirror support 30 to fo Jlwo 
= adjacent second mirrors 32 32 » „w 

configuration shown in the'draw^ TjTjTZ IT 
secondary second Errors 32. 32- is tilted .bout a 
horizontal axis in Figure 6 so that each ot „, 
second mirrors 32 32 ■ „,.„, . th * <,ec ™< J «'y 

10 set of ,. Produce, it. own vertically spaced 

detector locating holes 13 i*f 

respective rio- I ! supporting and locating 

respective detectors for the two vertically spaced images 
The two vertically spaced images of the absorption 

15 ZllT 9 ^ 1 flrSt ref6renCe —length X2 are shown 

15 in Figure 5c for this simple example. 

As a further development of this split mirror 32 32- 
conf, gur atlon, one of the split mirrors, for example ihe 
lower secondary second mirror v> • _ 
20 about a vertical axis w^h ' «"B»tly rotated 

vertical axis with respect to the other (upper) 

Figure ~ T ^ "» ° f in 

Figure 5d where the upper two images are produced by the 

aT'oTT^ seoona mirror 32 and tha lo " er «» ^ 

are produced by the lower secondary second mirror 32 • . The 
25 cement is preferably such that the absorption 

wavelength Xl is sharply focused by the upper seconder, 
second mxrror 32 on the upper image plane in Figure 5 7 
whereas, in the lower Image plane in Figure 5d. the first 
reference wavelength X2 is sharply focused by the lower 
30 secondary second mirror 32-. m . „„.„,, ne lower 

has 1-h. „„. .. Particular arrangement 

has the advantage of enabling use of commercially available 
multielement detectors. Commercially available »"tl- 

produced for use in motion detectors, for example, ond the 

tin" 3 " e irra " 9ed ln " SOUare Alternatively 
two dual-elements can be used for the detectors, the 
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elements being counted m the refi 

*oles 13, 13 . shown ln ^ -specie detector Seating 
£ ° r the d «-tor is used, the four , ^ CGn «««»tlcn 
or detectors can gather ' al T of Z TlT** °* dete "~ 
co m p ensate or otherwlse fo ^ ch inf0rraa1:lon squired to 

t-.P~.tur. of the bulb of the iLh^ 8 ^ ^ 

tne light source 21. 

A yet further nrobio 
<*.n S e in temperature „ W " h «• Mentis! 

» °* the Mature -*« ld ^ 1 o fV 0 «- *• becaMe 
«»«ted in a „ y on . ~ ° f «>e amount of light 

"°nt in each „a V6 l.„„.K " . " avelen «h- The 

amount of 

«T « differing «„ t for "" fem '' — «W aiso vary 
temperature of the l loh T """^enoth as the 

15 ""erent amounts of CHa"' "'"^ *~««-^ 

eieJntYas °" — and 
source changes, even ln the ah. ^"ture of the light 

£~ T hl8 .acgro^t:^:: absorption * * 

difficult to observe i-h~ , iatlon can make it 
> "««. l , B ^« l *^-« l . Tuscan 
secondary second „,lrrorf 32 " SPeC "' a •»« of the 
«Bht directed to the two sets of ^ ra "° of *• 

««* that each pair of debtors' f " 9U ~ « 

*»ges produces the same si^n aM lo »« 

absorption by a target gas . t " b ** nCB ° f 

«-ult then produces a^l signrr 1 ^" 01 """ «*«~oi»« 

Indeed, the second m i rr0 r 33 „ ,. 
convenient num^ o£ segments" <UVided «W 

of dispersion to^^^T?* *"» 
«' — in the desired amount a™ °* ^ 

respective sets of mirror seg^T *° "~ « «- 

- - - second ^r^-Z^Z- ^ 
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array of 5 x 5 segments 33. This ensures that the whole 
wavefront is sampled by both upper and lower sets of 
segments 33, thereby eliminating any problems that might 
otherwise be caused by non- uniformity of the wavefront. 

In a particular example, the spectrometer 20 is used 
for detecting the presence of carbon monoxide (CO) as a 
target gas. The diffraction grating 11 has 154 grooves per 
nun. The second mirror 32 has a focal length of 92.5mm and 
an off -axis angle of 30'. This gives the dispersion 
required to separate by 2mm at the focal plane the 
absorption wavelength Xl of 4.608 microns and the first 
reference wavelength of 4.495 microns when the angle of 
incidence at the grating is 12«. This separation of 2mm 
matches the detector separation of most commercially 
available dual -element pyroelectric detectors. The first 
mirror 31 has a focal length of 101mm and an off-axis angle 
of 12- to collimate the light from the source 21 onto the 
diffraction grating 11. The focal points of the two 
mirrors 31, 32 are coplanar with the diffraction grating 

For the segmented mirror shown in Figures 6 and 7, the 
upper secondary mirror 32 may produce an upper pair of' 
images at 4.608 microns and 4.495 microns and the lower 
secondary mirror 32- may produce a pair of images at 4.495 
microns and 4.382 microns respectively. Because of the 
Planck distribution, there will be a signal P1( T ) from the 
upper detector pair at zero absorption which will be 
equivalent to between about 6% and 8% over a range of 
filament temperatures between 1800K to 2400K, as shown in 
Figure 8. The output from the lower detector at zero 
absorption is shown as P2(T) in Figure 8. The difference 
PKT)-P2(T) between these two signals is shown in Figure 9. 
It will be appreciated from Figure 9 that, firstly, the 
difference is small compared to the expected absorption 
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signals The differenoe ls alM r . 1Mlve 
fairly wide temperature range . By ^ ~ 
the areas of the upper and lower second Errors 32. 32° a. 
described above. It Is possible to "tune out" any 

eu^aTat"':: 1 ' ""^ " lght "* ««— « ^Pendent, 
such as absorption In the gla ss envelope of the filament 

lamp, wavelength-dependent reflation coefficients, etc! 

' Pair Tt derr 3e ° US ™" °* ° UtPUt ° f th * " f "«>=° 

in Flgurfsd i ! *• «. lower pair of Images 

in Figure Sd Is to control the temperature of the liaht 
source 21 x„ particular, a. c n be SMn ,„ Fl ^T ±R 
this particular example the non-absorption signals PI ^ 
«- -2,T, are both very small at about 700K. This enables 
the reference pair <P2(T), to be used to set the 
tempereture of the light source. The voltage of the power 
"Pply to the light source 21 (which in the preferred 
embodiment is a tungsten filament laap) is varle<J 
minium signal for P2(T, is obtained. At th i s temperature 
and light output, the main signal P i (T) ls a i so veIy 5mall 
dLcrl , °»*~P«°n by a target gas is easily 

t„,t the"! 3llSht " lM ~9e °f this method is 

the „ , P °" er ° UtPUt ^ thS li9ht «»«» « « 

the wavelengths of interest decreases as the filament 

temperature reduces, but on the other hand the fraction of 

ussful power from the bulb Increases more rapidly. Thus 

imoo«T 1Cal e££1 ° len =r ° £ «- «»*> increases, which Is 
important and useful in a battery powered spectrometer 20. 

the lIohtT eranCe ^ (P2<T)) also to — to set 

the d«f °" y re,Ulred "y minimising 

the difference between P2(T) and a pre-set voltage 

examoTT T * ' 1 "» * dl0<te « • » "evice for 

« !nv d T e y *° SBt thB of the source 

at any desired level allows the power and efficiency of 
source to be traded against its lifetime, and can also be 



WO 98/01 729 



-15- 



PCT/GB97/01797 



10 



30 



35 



used to co-npensate for wavelength-dependent losses in the 
optical components. ™ 

in the examples described above, the absorption of the 

oZt n: 13 charao terisaa by th8 « 2 signal 

output between the two pairs of detectors, i.e p-(t) 
»C»». This has the advantage of being very easy to 

eleCtr0nl0a1 ^' -» have two disadvantages, 

depending on the application of the invention. rj stl i 
the degree of compensation for changes in t „m b . a 
function of the strength of the absorption signal. This 
-y not be a problem if the device is used in practicTto 
monitor only small changes 1„ a gas concentred Z y 
15 a wide " ^ I* expected to cover 

P1(T)-P2(T). in volts, is shown against carbon monoxide 
concentration in parts per million (pp „, , nd tilamm *' 
temperature in Kelvin. The absorption wavelength and first 
reference wavelength are 4.608 and 4.495 microns 
respectively, and the second and third reference 
wavelengths are 4.495 and 4.382 microns respectively. 
Figure 10 Indicates the problem of using . si „ ple 

difference of signals to characterise the absorption due to 

the target gas. 

P2fT ,T S6COnd P ° SSible problem is that the signal Pi (T) - 
P2(T, is sensitive to the overall light throughput. This 
throughput can he expected to change during the life of the 
spectro m eter, due to changes in the reflectivity of the 
optical surfaces, fogging of the filament lamp envelope 
etc. such changes may introduce a calibration drift, with 
this „ mlnd , in another example of ^ spectrometer ^ 

the absorption of the target gas is characterised by us nc, 
the ratio of the two detector signals, i.e. P1(T)/P ( " 9 



20 



25 
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In a particular example, the diffraction grating 11 
has 120 grooves per nun. The upper second mirror 32 has a 
focal length of 85.47nun and off -axis angle of 26. 7'. with 
the first mirror 31 arranged to give an angle of incidence 
of 6« at the grating, the upper second mirror 32 produces 
the absorption wavelength of 4.608 microns and the first 
reference wavelength of 4.446 microns on the first pair 13 
of detector elements. The lower second mirror 32- has a 
focal length of 87.42mm and off -axis angle of 23.9». This 
lower second mirror 32' directs the second reference 
wavelength of 4.25 microns onto one element of the second 
pair 13- of detectors. The second element of the second 
pair 13- of detectors is blanked off. The contour plot in 
Figure 11 shows values of P1(T)/P2(T). The temperature 
sensitivity is now much more consistent with a range of gas 
concentrations. Figure 12 shows a further improvement when 
the reference wavelength is changed from 4.25 to 3.6 
microns, but this wavelength suffers from slight 
interference from absorption by methane, which makes it 
less attractive in some applications. 

It will be appreciated that there is a huge range of 
choices for the values of reference wavelengths, and that 
the details of the electronic signal processing can be 
varied to suit each potential application. 

As a yet further alternative, a spectrometer 20 
including the segmented mirror 32 could be used to sense 
for two or more gases. This can be done by using a 
segmented mirror like that in Figure 6 or Figure 7, using 
two planes of dispersion, each looking on and off 
absorption for their respective gases. Alternatively, the 
segmented mirror 32 could be effectively segmented into say 
three portions in order to provide three planes of 
dispersion thereby to provide three vertically spaced sets 
of images in the detector plane. This would allow 
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detection of two gases and still allow the temperature 
compensation mentioned above to be utilised. Indeed, if it 
is desired to detect n gases and provide the temperature 
control mentioned above, there should be n+1 distinct 
segments of the second mirror 32 providing n+1 planes of 
dispersion. 

Embodiments of the present invention have been 
described with particular reference to the examples 
Illustrated. However, it will be appreciated that 
variations and modifications may be made to the examples 
described within the scope of the present invention. 
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CLAIMS 

1. A unitary support for a spectrometer, the support (10) 
comprising: 

dispersive means (11) tar dispersing light incident on 
the dispersive means; 

source locating means (12) for locating a source of 
said light with respect to the dispersive means; and, 

detector locating means (13) for locating a detector 
of said dispersed light with respect to the dispersive 
means . 

2. A support according to claim 1, wherein the support is 

moulded • 

3. A support according to claim 1 or claim 2, wherein the 
support is made of plastics. 

4. A support according to claim 1, wherein the support is 
made by moulding of plastics. 

5. A support according to any of claims 1 to 4, wherein 
the source locating means (12), the detector locating means 
(13), and the dispersive means (11) are substantially 
coplanar . 

6. A support according to claim 5, wherein the source 
locating means (12) and detector locating means (13) are 
positioned on the same side of the dispersive means (11). 

7. A support for a spectrometer, the support (10) 
comprising: 

dispersive means (11) for dispersing light incident on 
the dispersive means; 
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source locating means (12) for locating a source of 
said light with respect to the dispersive means; and, 

detector locating means (13) for locating a detector 
of said dispersed light with respect to the dispersive 
means ; 

the source locating means (12), the detector locating 
means (13) and the dispersive means (11) being 
substantially coplanar, the source locating means (12) and 
detector locating means (13) being positioned on the same 
side of the dispersive means (11). 

8. A support according to any of claims 1 to 7, wherein 
the source locating means is an aperture (12) through the 
support (10). 



9. A support according to claim 8, wherein the aperture 
is a slit (12). 

10. A support according to any of claims 1 to 9, wherein 
the dispersive means is a diffraction grating (11). 

11. A support according to claim 10, wherein the 
diffraction grating (11) is integrally moulded with the 
support (10). 



12. A support according to claim 10 or claim 11, wherein 
the diffraction grating (11) is formed by moulding the 
grating structure and metallising the grating structure. 

13. A support according to any of claims 1 to 12, wherein 
the detector locating means comprises a hole (13) through 
the support . 

14. a support according to claim 13, comprising one or 
more detectors (22) located in said detector locating hole 
(13). 
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15. A support according to any of claims 1 to 12, wherein 
the detector locating means comprises two through holes 
(13,13') for locating two respective detectors. 

16. A unitary mirror support for a spectrometer, the 
support (30) comprising: 

a body; and, 

at least two reflective surfaces (31,32) integrally 
formed with the body of the support (30). 

17. A support according to claim 16, wherein the support 
is made of plastics. 

18. A support according to claim 16 or claim 17, wherein 
the reflective surfaces (31,32) are formed by metallising 
selected portions of the mirror support. 

19. A support according to any of claims 16 to 18, wherein 
the reflective surfaces (31,32) are substantially adjacent. 

20. A support according to any of claims 16 to 19, wherein 
one (32) of the reflective surfaces is segmented 

(32,32'; 33) such that dispersed light incident on said 
reflective surface (32) is focused into two or more planes 
of dispersion. 

21. A support according to claim 20, wherein the areas of 
the segmented portions (32,32'; 33) of the mirror (32) are 
different from one another. 

22. a spectrometer (20) comprising a support (10) 
according to any of claims 1 to 15 and a mirror support 
(30) according to any of claims 16 to 21. 

23. A spectrometer according to claim 22, comprising two 
or more dual-element detectors. 
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24. A spectrometer according to claim 22, comprising at 
least one quad-element detector. 

25. A spectrometer according to claim 22, comprising a 
combination of dual-element and quad-element detectors. 
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Figure 4b 
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XI is tha absorption wavalangth 
X2 is tha rafarenca wavalangth 
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